Background: Clavicle fractures are common injuries in the polytrauma population and frequently limit early mobilisation. This study evaluates the effect of immediate crutch weight-bearing (WB) in polytrauma patients after surgical stabilisation of a displaced midshaft clavicle fracture. Methods: A retrospective review identified 26 polytrauma patients with operatively managed displaced midshaft clavicle fractures and a noneweight-bearing (NWB) lower extremity injury. Patients were allowed immediate WB after surgery or NWB. The primary outcome was total hospital length of stay. Statistical analysis was done using ManneWhitney U test. Results: The WB group had decreased total hospital length of stay (10.4 vs. 17.0 days, p ¼ 0.012) and improved physical therapy score (3.9 vs. 2.9, p ¼ 0.054) and postoperative length of stay (6.8 vs. 12.7 days, p ¼ 0.006) compared with the NWB group. Conclusions: Our data suggest that an immediate WB as tolerated protocol for polytrauma patients after surgical fixation of displaced clavicle fractures may decrease the overall length of stay.
Introduction
Clavicle fractures are common injuries accounting for roughly 3% of all fractures 1 and most commonly occur in the middle third with estimates at approximately 80%. 2 The highest incidence of clavicle fractures is in young adults with a bias towards men. 3 While midshaft clavicle fractures have been treated successfully with nonoperative management for decades, 2, 4 several recent studies have shown superior results with operative management in specific patient populations. 5e7 Surgical treatment of midshaft clavicle fractures has also shown to be both cost effective 8 and with improved quality of life 9 compared with nonoperative treatment in fracture patterns that are completely displaced. A large number of patients suffer midshaft clavicle fractures as a result of a high-energy mechanism with current estimates between 29 and 47%. 3, 10 Recently, two separate studies retrospectively reviewed national trauma registries and concluded that 10% of severely injured patients sustain a midshaft clavicle fracture. 11 Early mobilisation has been shown to improve outcomes in polytrauma patients 12, 13 , and there is evidence that early weight-bearing (WB) also leads to improved outcomes and quicker healing in extraarticular fractures.
14 Polytrauma patients frequently have lower extremity injuries that limit their ability to ambulate without utilising assistive devices. Previous reports have demonstrated the benefit of immediate WB after open reduction and plate fixation of humeral shaft fractures, which subsequently expanded the indication for operative treatment to include polytrauma patients. 15 A previous study demonstrated improved functional outcomes in polytrauma patients with midshaft clavicle fractures that were treated surgically. 16 The high incidence of clavicle fractures in polytrauma patients suggest that immediate WB as tolerated postoperatively may lead to improved outcomes.
WB status after open reduction and internal fixation of clavicle fractures has been limited to noneweight-bearing (NWB) in the literature; 5, 6 however, in the polytrauma population, a clear benefit exists for early ambulation with the use of an assistive device. The literature does not have any studies evaluating immediate WB after open reduction internal fixation of midshaft clavicle fractures. The goal of our study was to evaluate the effect of WB after operative fixation of displaced midshaft clavicle fractures in polytrauma patients with a concomitant NWB lower extremity injury. Our hypothesis was that polytrauma patients with a midshaft clavicle fracture that were treated operatively would have decreased the length of stay with immediate postoperative WB as tolerated versus a NWB protocol.
Materials and Methods
After Institutional Review Board (IRB) approval, a retrospective cohort study was conducted from August 2007 to November 2013. Inclusion criteria were skeletally mature patients with a midshaft clavicle fracture (OTA 15-B) and a lower extremity injury that required NWB (comminuted long bone, periarticular fracture, acetabular fracture or C-type pelvic ring injury). Exclusion criteria were open fracture, presentation Glasgow Coma Scale below eight, NWB upper extremity injury or lower extremity amputation. Thirty-six consecutive patients were reviewed and 26 patients met the inclusion criteria. Nine patients were excluded because the clavicle fracture was treated nonoperatively and one patient was excluded because of an amputation. After open reduction and plate osteosynthesis, 10 patients were allowed immediate WB as tolerated using crutches or a walker and 16 patients followed an NWB protocol. The surgical stabilisation was performed by one of three fellowship trained orthopaedic trauma surgeons, and the postoperative WB protocol was at the discretion of the treating surgeon.
All patients were seen by a physical therapist at the earliest possible time, and both groups were provided the same motion protocol, unrestricted active and passive motion. The WB as tolerated group was allowed to use crutches or a walker to assist with mobilisation, and this was reinforced by physical therapy.
Primary outcome was total length of stay, defined as total time in hospital, with secondary analysis examining maximum mobility level at discharge, and time from surgery to discharge. Maximum mobility level at discharge was defined by using a physical therapy scoring system utilised at our institution (Table 1) . Clavicle fractures were classified according to the AO/OTA classification. All patients were followed until union, which was defined as pain free motion with radiographic evidence of union. 5 Statistical analysis was done using ManneWhitney U test, adjusted for ties, for length of stay data, maximum mobility level at discharge, and number of intensive care unit days. Patients were also evaluated by examining data regarding age, sex, mechanism of injury and revised trauma score.
Results
Twenty-six patients met inclusion criteria with 38% (n ¼ 10) in the WB group and 62% (n ¼ 16) in the NWB group. The mean patient age was 41.1 years (range 19e64 years) and 45.5 years (range 22e66 years) in the WB and NWB groups, respectively. There were similar proportions of smokers in each group (30% WB vs. 31.25% NWB, p ¼ 0.948). Lower extremity fractures (Table 2 ) and revised trauma score was similar in both groups (11.3 WB vs. 11.3 NWB). Overall there were 58% 15-B1, 34% 15-B2, 8% 15-B3 fractures (n ¼ 15, 9 and 2, respectively). Of the 10 patients in the WB group, 60% had 15-B1, 30% 15-B2 and 10% 15-B3 fractures (n ¼ 6, 3 and 1, respectively). There were 56% 15-B1, 38% 15-B2 and 6% 15-B3 fractures (n ¼ 9, 6 and 1 respectively) in the NWB group. The WB group had a shorter intensive care unit length of stay (4.5 WB vs. NWB 5.8 days, p ¼ 0.423). The WB group had decreased total length of stay (10.7 vs. 17.5 days, p ¼ 0.012) and decreased postoperative length of stay (6.8 vs. 12.7 days, p ¼ 0.006) compared to the NWB The function of each patient was evaluated by a physical therapist before discharge. The level of function was quantified using a scoring system based on the 6 levels of activity used at our institution. The therapist documented the maximum level of function at discharge and this was tabulated to compare the weight-bearing versus noneweight-bearing groups. (Figure 3) . Either superior or anterior plating was used, depending on surgeon's preference. The total study group had 13 superior plates and 11 anterior plates. The WB group consisted of seven superior and three anterior plates while the NWB group consisted of seven superior and nine anterior plates. Lag screw fixation was used for simple fracture patterns, which were recorded in six patients (4 WB vs. 2 NWB). The average screw density was left to the discretion of the attending surgeon; however, it should be noted that none of the attending surgeons prefer classic short-segment fixation, resulting in an ultra stiff construct over a short segment of bone. There was no emphasis on a minimum of six cortices of fixation proximal and distal to the fracture, and in fact, eight patients (4 in both groups) had less than six cortices of fixation. 16 The average screw density, defined as the number of available holes in the plate divided by the number of screws placed through the plate, was 1.53 holes/screw for both the groups (Figure 4 ).
Discussion
Our study is the first to describe an immediate WB protocol following plate osteosynthesis of midshaft clavicle fractures. This study utilised a retrospective cohort design allowing a NWB control group. The study population was predominantly middle-aged men (41.1 years old WB vs. 45.5 years old NWB) with high-energy injury mechanisms of injury, most often motorcycle collisions. Lower extremity fractures (Table 2) , clavicle fracture pattern (Table 3 ) and revised trauma score were similar in both the groups (11.3 WB vs. 11.3 NWB). The majority of fracture patterns were simple, 15-B1, in each group (60% WB vs. 56% NWB), with similar percentages of more complex fracture patterns, 15-B2 and 15-B3, in both groups Figure 1 . Length of stay. The length of stay was compared between groups. Total length of stay (TLOS) and postoperative length of stay (PLOS) were recorded. The group that was allowed immediate WB had a shorter TLOS and PLOS. WB ¼ weight-bearing, NWB ¼ noneweight-bearing. Figure 2 . Physical therapy score. The physical therapy score is based on the 6 levels of activity used at our institution. The weight-bearing and non-weight bearing groups were compared. WB demonstrated a trend towards increased activity, but did not reach significance. WB ¼ weight-bearing, NWB ¼ noneweight-bearing. Long plates and decreased screw density was the preferred fixation construct for patients in this study. A) Clinical example of short construct fixation with "6 cortices" on each side of the fracture that was not a patient in this study compared to B) patient from the study with long plate fixation that was allowed immediate weight-bearing as tolerated. 15, 19, 20 Immediate WB after surgical stabilisation of geriatric hip fractures has become the standard of care because of the decreased mortality and shorter hospital length of stay. 20 Comminuted femoral shaft fractures treated with early WB as tolerated after fixation in intramedullary nails demonstrated both the safety and improved patient rehabilitation. 19 While the hospital course was not analysed by Brumback et al., they did speculate that "Patients who have fractures of involving more than one limb often must wait for early consolidation of the fracture before they can begin WB. This delay may slow rehabilitation, prolong hospitalisation and increase the cost of care". Our results support their speculation with improvement in mobilisation, increased physical therapy participation and a decrease in length of stay in the immediate WB group. The benefit of immediate upper extremity WB has also been previously been examined with a retrospective study of humeral shaft fractures. 15 In this study 30 of the 82 patients had an NWB lower extremity injury, and this was the indication for operative treatment. Our results corroborate the benefits of plate osteosynthesis with immediate WB for patients with concomitant lower extremity injuries. While clinical evidence clearly exists for early WB, 3, 12, 13, 15, 20 the biomechanical profile of the construct must also be considered. Plate osteosynthesis of clavicle fractures has a reported variation in axial stiffness ranging from 700e900 Nm depending on plate type and position, 21, 22 torsional failure above 21 Nm 23 and documented bending failure of 345 N. 24 Biomechanical investigations have demonstrated supraphysiologic stiffness in a load-sharing model, 21e24 which would reflect lag screw and neutralisation plate fixation as well as a gap model, 23, 25, 26 which can be extrapolated to reflect the biomechanical environment utilising the bridge plating technique. Calculating the force of a patient during crutch WB has previously been estimated at 40% body weight for each upper extremity. 27 The average length of the female and male clavicle has also been reported as 13.96 cm and 15.33 cm, respectively. 28 An estimation of the force and torque for an 80 kg male would be 313.6 N and 21.85 Nm, respectively ( Figure 5 ). Uncertainty over the physiological forces experienced by the clavicle in vivo demands the extrapolation of previous biomechanical data to estimate the maximum load to failure for a clavicle fracture following plate osteosynthesis. 26 The forces acting at the clavicle during crutch WB are likely a combination of axial 29 and bending, either cantilever or four point. 17, 18 The clavicle fracture and plate composite also are unlikely to see the entire 313.6 N force transmitted from the glenohumeral joint during crutch WB secondary to muscular stabilisation as well as dissipation through the scapulothoracic articulation. While it remains speculative, we estimate that the end result of the individual components of these forces is substantially less than force needed to induce mechanical failure. We believe that the current biomechanical data support the immediate WB of clavicle fractures following plate osteosynthesis. Our study has a number of strengths and weaknesses that warrant discussion. The strengths of our study include the initial report on immediate WB protocol for polytrauma patients following plate osteosynthesis of midshaft clavicle fractures. A retrospective cohort study design allowed our study to utilise a control group resulting in an increased level of evidence and more rigorous scientific evaluation of our hypotheses compared to a traditional case series. Weaknesses of our study include a small sample size, specifically the immediate WB group. Despite the rigorous use of inclusion and exclusion criteria, as well as group comparisons utilising the revised trauma scoring system, our sample likely still represents a heterogeneous patient population in part because of the nature of polytrauma injuries. Although our sample size enabled us to detect a significant difference between the lengths of stay, our primary outcome, we were not powered to detect a difference in union rates. If we assume a 1.4% non-union rate in those who undergo operative fixation of displaced, midshaft clavicle fractures, a study would need 646 patients in each group to detect a two-fold difference in non-union rates at an alpha of 0.05 and power of 0.8. 5 Another weakness of our study was that we did not examine clinical outcomes utilising a functional outcome score although this has previously been presented in the polytrauma population. 30 Finally, in our study, the treating surgeon was allowed to choose the WB protocol postoperatively, and this may have resulted in some selection bias. This study demonstrates that immediate postoperative WB provides shorter length of stay and may lead to improved mobility at discharge. Our data suggest that an immediate WB as tolerated protocol for midshaft clavicle fractures treated with plate osteosynthesis will produce a significant improvement in hospital course when utilised in a population of polytrauma patients. Further studies are needed to evaluate the effect of early WB on quality of life and patient reported outcome measures.
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